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The electronic states near the Fermi level in the recently discovered superconductor Ba2CuO4−δ
consist primarily of the Cu dx2−y2 and d3z2−r2 orbitals. In this Letter we investigate the electronic
correlation effect and orbital polarization of an effective two-orbital Hubbard model mimicking the
low-energy physics of the compressed compound Ba2CuO4 for a hole doping x=1 by utilizing the
dynamical mean-field theory with the Lanczos method as the impurity solver. We find that the
system is in the orbital-selective Mott phase (OSMP) when the Hund’s rule coupling JH=U/4,
or at the edge of an OSMP when JH=U/8, which suggests that a local magnetic moment and
spin fluctuations still exist in Ba2CuO4−δ with 3d
8 (Cu3+) configuration. We also observe the
correlation driven orbital polarization transitions for both JH=U/8 and U/4. Our results are also
applicable to Sr2CuO4−δ and other two-orbital cuprates, demanding an unconventional multiorbital
superconducting scenario in hole-overdoped high-TC cuprates.
The involvement of two Cu 3d orbitals in the super-
conducting (SC) states in the recently discovered high-
Tc superconducting (HTSC) compound Ba2CuO4−δ with
Tc=73 K,
1 as well as the early discovered compound
Sr2CuO4−δ with Tc=95 K,
2–4 greatly challenges the
prevailing single-orbital scenario in conventional HTSC
cuprates. In the previous cuprates La2CuO4, and
YBa2Cu3O6, ect., the parent phases of these undoped
compounds are the charge transfer insulator or Mott in-
sulator, where the active Cu 3dx2−y2 orbital is singly oc-
cupied and the ground state is Ne´el antiferromagnetic
order. Once holes are doped into the O 2px and 2py
orbitals, the strong O 2p-Cu 3d hybridization and large
charge transfer gap form the Zhang-Rice singlet,5 an ef-
fective single-orbital t− J model is proposed for describ-
ing the low-energy physics of doped cuprates.6 Such an
effective single-orbital scenario addressed many experi-
mental results7 demonstrating great reasonability. The
essential electronic states in Ba2CuO4−δ do not fall into
this scenario: First, neither Ba2CuO3 nor Ba2CuO4 is
a charge transfer insulator, instead, its charge trans-
fer gap is rather small; Second, the Cu 3dz2−r2 or-
bital, as well as the Cu 3dx2−y2 orbital, appears near
the Fermi energy in superconducting Ba2CuO4−δ.
1 This
suggests that Ba2CuO4−δ is a multiorbital superconduc-
tor. This scenario which is completely different from
that of the well-known t− J model brings about the as-
sumptions of two SC dome phases and orbital selective
superconductivity.8,9
The detail inspections to the electronic properties of
Ba2CuO4−δ will provide new insight or even new sce-
nario. Apparently the electronic states of SC Ba2CuO4−δ
resemble those in Ba2CuO4, rather than those in
Ba2CuO3. It is well-known that La2CuO4 and deriva-
tive cuprates are strongly correlated systems. We expect
that Ba2CuO4 should be a correlated system, though it
can be viewed as a hole overdoped compound. Recently,
Liu et al. suggested that Ba2CuO3 is an antiferromag-
netic insulator10 and should be the parent phase; how-
ever, Scalapino et al. suggested that Ba2CuO4 should
be the parent phase.8 To resolve such a dispute, it is
crucial to clarify the role of the electronic correlation in
Ba2CuO4−δ, and its evolution with increasing concentra-
tion δ. Correspondingly, one may also ask what the role
of Hund’s rule coupling is in such a multiorbital system.
This issue is important since it is closely related to the
ground state magnetism and magnetic fluctuations.
On the other hand, we notice that compared with
antiferromagnetically insulating Ba2CuO3, Ba2CuO4 ex-
hibits a paramagnetically metallic ground state,10 though
it is stoichiometric 3d7 configuration. Such a paramag-
netically metallic phase is rather strange for an integer-
filling correlated electron system. At present it is not
clear that what role the electronic correlation plays in the
paramagnetic metallic ground states of Ba2CuO4. Mean-
while, the orbital polarization character of Ba2CuO4,
which is essential for SC pairing symmetry, is also pro-
foundly affected by the electronic correlation. These
facts urge us to clarify the role of electronic correla-
tions in the two-orbital compound Ba2CuO4, as well as
Sr2CuO4. In this Letter we investigate the influences of
Coulomb correlation on the evolution of electronic states
in a two-orbital Hubbard model applicable for the com-
pressed compound Ba2CuO4 with a hole doping x = 1
8
using the dynamical mean-field theory (DMFT) numeri-
cal approach11–13 with the Lanczos method as its impu-
rity solver14–16. We demonstrate that the Ba2CuO4−δ
compound with 3d8 (Cu3+) configuration is either in the
orbital selective Mott phase (OSMP) or at the edge of
an OSMP, and the electronic correlation drives its or-
bital polarization transition.
We construct a two-orbital Hamiltonian H = Ht +
2HI for a compressed Ba2CuO4 compound with the hole
doping x = 1,8 where the tight-binding Hamiltonian Ht
reads
Ht = −
∑
〈ij〉
∑
lσ
tlld
†
ilσdjlσ −
∑
〈ij〉
∑
l 6=l′,σ
t′ll′d
†
ilσdjl′σ
+
∑
ilσ
(ǫl − µ)d
†
ilσdilσ . (1)
d†ilσ (dilσ) is an electron creation (annihilation) opera-
tor for orbital l (=1 for dx2−y2 and 2 for d3z2−r2) at
site i with spin σ, and 〈ij〉 represent nearest neighbor
(NN) sites. tll and t
′
ll′ denote the NN intraorbital and
interorbital hoppings, respectively. ǫl represents the on-
site energy of orbital l, and the crystal-field splitting can
be expressed as ǫd = ǫ1 − ǫ2. The parameters of Ht are
given in Supplementary Materials.
The interaction Hamiltonian HI is exactly the same as
the correlation part of the standard two-orbital Hubbard
model,17,18
HI =
U
2
∑
ilσ
nilσnilσ¯ +
∑
i,l<l′,σσ′
(U ′ − δσσ′JH)nilσnil′σ′
+
JH
2
∑
i,l 6=l′,σ
d†ilσd
†
ilσ¯dil′σ¯dil′σ
+
JH
2
∑
i,l 6=l′,σσ′
d†ilσd
†
il′σ′dilσ′dil′σ, (2)
where U (U ′) corresponds to the intraorbital (interor-
bital) interaction, and JH is the Hund’s rule coupling.
For the systems with spin rotation symmetry, we have
U = U ′ + 2JH .
In the present cuprate, due to the presence of a large
interorbital hopping t′12, the original dx2−y2 and d3z2−r2
orbital wavefunctions are not a good representation. We
introduce two effective orbitals α and β by a canonical
transformation,19,20 and the NN interorbital hoppings in
Ht vanish completely, instead a much simple intraorbital
hybridization between the two effective orbitals or bands
can be found in Eq. (S3), as shown in Supplementary
Materials. Accordingly, the interaction part HI has also
been transformed into an effective interaction Hamilto-
nian for α and β orbitals by the canonical transformation,
which is the same as the Eq. (2) under the spin rotation
symmetry, shown in Eq. (S4) of Supplementary Materi-
als.
The lattice Green’s function of the two-orbital Hub-
bard model is a 2× 2 matrix,
Gσ (ω, k) = {ωI−H}
−1 =
(
ζασ(k) −ηd
−ηd ζβσ(k)
)−1
, (3)
with ζγσ(k) = ω + µ − εγ − Eγ(k) − Σγσ, and γ = α
or β. Eγ(k) and Σγσ represent the dispersion and self
energy of the effective orbital γ, respectively. Within the
DMFT procedure,11 we map the lattice Hamiltonian on
to an impurity model with fewer degrees of freedom and
we use the Lanczos solver14 to calculate the components
of the self-energy, thus the lattice Green’s function can
be obtained by DMFT self-consistent calculations. More
details can be found in Supplementary Materials.
We calculate the orbital-resolved spectral density of
the effective orbital γ by
Aγ(ω) = −
1
π
ImGγ
ii
(ω + iη), (4)
where η is an energy broadening factor. Then, the orbital
projected optical conductivity can be expressed as
σγ(ω) = π
∫ ∞
−∞
dǫDγ(ǫ)
∫ ∞
−∞
dω′
2π
Aγ(ω
′)Aγ(ω
′ + ω)
×
nγf (ω
′)− nγf (ω
′ + ω)
ω
, (5)
where nf(ω) is the Fermi function, and Dγ represents the
density of states (DOS) of the tight-binding Hamiltonian.
To explore possible orbital polarization and orbital or-
dering in compound Ba2CuO4−δ, we also calculate the
local orbital squared moment
〈
T 2z
〉
of the effective or-
bitals α and β by21〈
T 2z
〉
= 〈(nˆα − nˆβ)
2〉. (6)
From which we could obtain the evolution of orbital po-
larization with increasing electronic correlation.
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FIG. 1: (Color online) Orbital-resolved quasiparticle weight
Z (a & b) and electron occupation n (c & d) as a function
of interaction U when JH = U/4 (left panel) and JH = U/8
(right panel).
To fully elucidate the influence of the Coulomb inter-
actions on the orbital selectivity in the two-orbital com-
pound Ba2CuO4−δ with 3d
8 (Cu3+) configuration, we
precisely determine the critical point of Mott transition
in different effective orbitals by its quasiparticle weight
Zγ = (1 −
∂
∂ω
ReΣγ(ω)|ω=0 )
−1 .22 In Fig. 1, we present
the orbital-dependent quasiparticle weight Zγ and elec-
tron occupation nγ as a function of the intraorbital inter-
action U for cases with Hund’s rule coupling JH = U/4
3and JH = U/8 at half-filling. As seen in Fig. 1, when
U < 2 eV, the two-band system is metallic since the
quasiparticle weights of the two effective orbitals are both
finite. By contrast, the insulating phase with zero Zγ is
stable for both orbitals when U is large enough, shown
as the gray region in Fig. 1.
In Fig. 1(a) with the Hund’s rule coupling JH = U/4,
we find the existence of an OSMP between the metallic
and insulating phases within a very narrow range be-
tween Ucβ = 2.1 eV and Ucα = 2.3 eV, where the narrow
β band behaves insulating, while the wide α band is still
metallic. In Fig. 1(c), we plot the U -dependence of the
electron occupations not only for the two effective α and
β orbitals (solid symbols), but also for the original or-
bitals dx2−y2 and d3z2−r2 (hollow symbols). The electron
occupations of different bands vary monotonically with
increasing U when JH = U/4, and all bands become
singly occupied after the occurrence of the OSMT, indi-
cating that the two electrons in the two Cu eg orbitals
distribute uniformly in both the OSMP and insulating
phase in Ba2CuO4−δ with 3d
8 (Cu3+) configuration, as
observed in other degenerate two-orbital systems.23–26
On the other hand, there is no OSMP if Hund’s rule
coupling is decreased to JH = U/8, where the Mott tran-
sitions in the effective α and β orbitals occur simultane-
ously at U = Ucα = Ucβ = 2.7 eV, as seen in Fig. 1(b).
This finding is in agreement with the early result that
a large Hund’s rule coupling JH promotes the OSMT at
half-filling by strongly suppressing the coherence scale to
block the orbital fluctuations.27–30 In addition, we also
find a jump around U = 1.0 eV in Fig. 1(d) either in the
U -dependence of the electron occupation or in that of
the quasiparticle weight at JH = U/8. This arises from
that the strong intraorbital interaction U drives electrons
from the upper Hubbard subband of the wide α band
to the lower Hubbard subband of the narrow β band
by overcoming the crystal-field splitting and interorbital
interaction.31,32 More details can be seen in Fig. S1 in
the Supplementary Material.
Fig. 2 shows the effects of intraorbital interaction U on
the orbital-resolved spectrum A(ω) and optical conduc-
tivity σ(ω) for both the effective α and β bands for the
system with JH = U/4. When the interaction is weak,
such as U = 1.0 eV, the spectral weight at the Fermi level
is finite for both bands, as shown in Fig. 2(a), indicating
a metallic phase for the two-orbital system. Accordingly,
Drude peaks are found in the orbital projected optical
conductivity for both bands, as shown in Fig. 2(b). With
increasing interaction U to 2.5 eV, there are no Drude
peaks in both bands in Fig. 2(f), and Mott gaps can be
found in the DOS of both bands in Fig. 2(e). When the
interaction increases to U = 2.2 eV, as shown in Fig. 2(c)
and (d), the wide α band is still metallic with the reso-
nance peaks in its DOS at the Fermi level, and a finite
Drude peak appears in the corresponding optical conduc-
tivity, but a Mott gap opens around the Fermi level in
the narrow β band, and the Drude weight is zero for the
optical conductivity of the narrow band, demonstrating
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FIG. 2: (Color online) Effects of the intraorbital interaction
U on the orbital-resolved spectral density A(ω) (left panel)
and the corresponding orbital-dependent optical conductivity
σ(ω) (right panel) of the two effective orbitals for Hund’s rule
coupling JH = U/4.
the well-defined OSMP character.30,33,34
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FIG. 3: (Color online) Phase diagram of the effective two-
orbital Hubbard model with interaction U and Hund’s rule
coupling JH .
We construct the U -JH phase diagram in Fig. 3.
One observes that there exists a narrow region of the
OSMP between the weakly correlated metallic phase and
strongly correlated Mott insulating phase while JH/U >
0.125, which is getting broaden with increasing JH . It
is obviously that large JH is beneficial to the occurrence
of the OSMP. The OSMP vanishes while JH/U < 0.125
because Coulomb correlation and Hund’s rule coupling
inferior to the crystal-field splitting, in agreement with
the precious results.27–29 Actually, though one does not
4observe the OSMP at JH/U = 0.125, the system is at the
edge of the OSMP. More information can be seen from
Fig.S2 in the Supplementary Materials. In the region of
JH/U >0.125, the system undergoes the transitions of
a metallic phase to an OSMP and of an OSMP to an
insulating phase as U increases. Since Ba2CuO4 with a
hole doping x = 1 is at least an intermediate correlated
system,8 it should be an OSMP compound, or at least at
the edge of the OSMP.
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FIG. 4: (Color online) U dependence of local orbital squared
moment
〈
T 2z
〉
for different Hund’s rule coupling JH . The
black line is for JH = U/4, and the red line is for JH = U/8,
respectively.
The model Hamiltonian of the system in Eq. (1) is or-
bitally asymmetric. There is prominent orbital polariza-
tion when the electron correlation is small, as seen from
the U dependence of the local orbital squared moment〈
T 2z
〉
shown in Fig. 4. In both the cases of JH = U/4 and
JH = U/8, the orbital squared moments are finite when
the system is metallic or in the OSMP. Due to the large
interorbital hybridization, the interorbital correlation is
strong when U is small, reflecting large orbital polariza-
tion. When U increases, a fraction of electrons in the up-
per Hubbard subband of the orbital α aroundEF transfer
to the lower Hubbard subband of the orbital β as seen in
Fig. S1 in the Supplementary Material, this leads to the
transition of the high orbital polarization to the low one.
In the strong correlation regime, both orbitals become
half-filled and the local orbital squared moments decrease
to zero when the system transits to the insulating phase.
Therefore Coulomb correlation drives considerable vari-
ations in the orbital polarization in Ba2CuO3.5.
Thus far, we can understand that in the supercon-
ducting Ba2CuO4−δ, there exist two types of electrons:
the narrow-band electrons in the Mott localized state, or
at the edge of the Mott localized state, and the wide-
band electrons. Intuitively the multiorbital model for
HTSC cuprates is more reasonable than the single-orbital
model: In conventional BCS superconductors, the ionic
background and phononic vibrations provide the SC pair-
ing force field of Cooper pairs, and paired carriers are re-
sponsible for carrying the supercurrent; in contrast, the
carries of the single-orbital t − J model play duplicate
roles, they not only create spin fluctuations that provide
a SC pairing force but also carry a supercurrent. Thus,
the single-orbital t−J model leads to a dilemma: the cre-
ation of the pairing force and carrying of the supercurrent
are competitive; the more the carriers participate in spin
fluctuations, the less the carriers participate in carrying
the supercurrent, and vice versa.35–37 As a comparison,
a multiorbital superconductor could avoid such a diffi-
culty: the electrons in one or two orbitals can contribute
spin or orbital fluctuations, and electrons in another one
or two orbitals contribute SC pairs and carry supercur-
rent. Thus, the multiorbital systems are more favorable
for unconventional superconductors.
The multiorbital and OSMP characters of the com-
pressed compound Ba2CuO4−δ, as well as of the com-
pound Sr2CuO4−δ, imply that the spin fluctuations along
with the orbital fluctuations greatly enhance the SC
pairing force and greatly lift Tc in Ba2CuO4−δ and
Sr2CuO4−δ, demonstrating great resemblance to multior-
bital high-Tc ironpnictide superconductors. This is why
these hole-overdoped cuprates have so high Tc, in com-
parison with La2CuO4−δ. Meanwhile, we also expect
that the OSMP physics also happens in many other mul-
tiorbital cuprates if the multiorbital and OSMP charac-
ters could be realized in the cuprate compounds isostruc-
tural to YBa2Cu3O6 and HgBaCuO4, etc., and more
high-Tc superconductors might be expected. We antici-
pate that future experiments could synthesize such com-
pounds and verify our prediction.
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I. MODEL PARAMETERS AND EFFECTIVE
ORBITALS
Based on the DFT-calculated bandstructures of the
compressed Ba2CuO4 compound with hole doping x =
1,1 the model parameters of the tight-binding Hamil-
tonian Ht in Eq. (1) take the following values: t11=-
0.504 eV, t22=-0.196 eV, t
′
12 = 0.302 eV, ǫ1 = −0.222 eV,
and ǫ2 = 0.661 eV. The two orbitals with l = 1 and 2
correspond to the Cu 3dx2−y2 and 3d3z2−r2 orbitals, re-
spectively.
Our calculations concentrate on the half-filling condi-
tion, which corresponds to the 3d8 (Cu3+) configurations
of compressed compound Ba2CuO4 for a hole doping
x = 1.1 We introduce a canonical transformation,2,3
di1σ = uαiσ + vβiσ,
di2σ = −vαiσ + uβiσ, (S1)
with
u2 =
1
2

1 +
√√√√ (t11 − t22)2
4t′2eff + (t11 − t22)
2

,
v2 =
1
2

1−
√√√√ (t11 − t22)2
4t′2eff + (t11 − t22)
2

, (S2)
where αiσ and βiσ are fermion annihilation operators for
the two newly introduced α and β orbitals. The effective
interorbital hopping t′eff is defined as t
′
12e
2iθ, which is
t′12 for the x-direction (θ=0) and -t
′
12 for the y direction
(θ = π/2). The values of parameters u and v obtained
by Eq. (S2) can make the interorbital hopping between
the α and β orbitals vanish completely. It is obvious that
the effective α and β orbitals contains both the dx2−y2
and d3z2−r2 orbital characters, in agreement with the ex-
primentry finding.4
Through the canonical transformation, the original
two-orbital Hamiltonians in Eq. (1) and Eq. (2) are con-
verted into a new two-orbital Hamiltonian Heff for the
two effective orbitals. Heff also consists of the tight-
binding part Hefft and the interaction part H
eff
I , which
are expressed as:
Hefft =−
∑
〈i,j〉σ
(
tαα
+
iσαjσ + tββ
+
iσβjσ
)
+
∑
iσ
[
(εα − µ)α
+
iσαiσ + (εβ − µ) β
+
iσβiσ
]
+
∑
iσ
ηd
(
α+iσβiσ + β
+
iσαiσ
)
, (S3)
and
HeffI =
U
2
∑
iσ
(niασniασ¯ + niβσniβσ¯)
+
∑
iσσ′
(U ′ − δσσ′JH)niασniβσ′
+
JH
2
∑
i,σ
(
α†iσα
†
iσ¯βiσ¯βiσ + β
†
iσβ
†
iσ¯αiσ¯αiσ
)
+
JH
2
∑
i,σσ′
(
α†iσβ
†
iσ′αiσ′βiσ + β
†
iσα
†
iσ′βiσ′αiσ
)
.
(S4)
The effective interaction Hamiltonian has a formulation
similar to the original interaction terms when the spin
rotation symmetry is kept with U = U ′ + 2JH .
II. DMFT PROCEDURE
The lattice Green’s function of the effective two-orbital
Hubbard model is obtained by the dynamical mean-field
theory (DMFT)5 with the Lanczos method as the im-
purity solver. In the DMFT framework, the effective
model parameters (Eq. (S3)) for a Bethe lattice are ob-
tained as tα = −0.689 eV, tβ = −0.011 eV, εα=0.019 eV,
εβ=0.420 eV, and ηd=0.393 eV, and the lattice Hamil-
tonian Heff should be mapped on to an impurity model
with few degrees of freedom. The Hamiltonian of the
2impurity model is expressed as,
Himp =
∑
mσ
{ǫαmσc
†
αmσcαmσ + ǫ
β
mσc
†
βmσcβmσ}
+
∑
mσ
V αmσ(c
†
αmσασ + α
†
σcαmσ)
+
∑
mσ
V βmσ(c
†
βmσβσ + β
†
σcβmσ)
+ (εα − µ)
∑
σ
α†σασ + (εβ − µ)
∑
σ
β†σβσ
+
∑
iσ
ηd
(
α+iσβiσ + β
+
iσαiσ
)
+HeffI (α, β), (S5)
where c†γmσ (cγmσ) denotes the creation (annihilation)
operator for the bath lattice of orbital γ (γ = α, β), ǫγmσ
denotes the energy of the m-th environmental bath of
orbital γ, and V γmσ represents the coupling between the
orbital γ of the impurity site and its environmental bath.
The Weiss function of the impurity model can be ob-
tained through the parameters of the impurity Hamilto-
nian by
G−10γσ (ω) = ω + µ− εγ −
∑
m
(V γmσ)
2
ω − ǫγmσ
. (S6)
Employing the Lanczos solver, we can obtain the Green’s
function G
(γ)
imp,
6–8 which is expressed as
G
(γ)
imp (ω) = G
(+)
γ (ω) +G
(−)
γ (ω) , (S7)
where
G(+)γ (ω) =
〈
φ0
∣∣γγ†∣∣φ0
〉
ω − a
(+)
0 −
b
(+)2
1
ω−a
(+)
1 −
b
(+)2
2
ω−a
(+)
2 −...
(S8)
G(−)γ (ω) =
〈
φ0
∣∣γ†γ∣∣φ0
〉
ω + a
(−)
0 −
b
(−)2
1
ω+a
(−)
1 −
b
(−)2
2
ω+a
(−)
2
−...
(S9)
Thus, we can obtain the component of the self-energy
by Σγσ(ω) = G
−1
0γσ−
(
Gγimp(ω)
)−1
. Inserting the obtained
self energy into Eq.(3) of the main text, we can obtain
the lattice Green’s function Giiσ(ω) =
∑
k Gσ (ω, k).
Therefore, we can build the DMFT self-consistent loop
with Gimp(ω) = Gii(ω).The parameters ǫ
γ
mσ and V
γ
mσ
are determined by performing self-consistent DMFT cal-
culations. When the self-consistent calculations are fin-
ished, we obtain the appropriate lattice Green’s function
Giiσ(ω).
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FIG. S1: (Color online) DOS distributions of Ba2CuO4−δ
with 3d8 (Cu3+) configuration for Coulomb interactions U =
0.8 eV (a) and U = 0.9 eV (b) with Hund’s coupling JH =
U/8. The black solid line denote the wide effective orbital α,
and the red dashed line denotes the narrow effective orbital
β.
III. EDGE OF THE OSMP WHEN JH = U/8
The evolution of density of states (DOS) display re-
markable features that capture physics of the interorbital
hopping in two-orbital compound Ba2CuO4−δ with 3d
8
(Cu3+) configuration. In Fig. 1(b) and (d), there is a
jump for both the quasiparticle weight and the electron
occupation near U = 1.0 eV for JH = U/8. Therefore,
we study the DOS of the system in the cases of interac-
tions U = 0.8 eV and U = 0.9 eV. As shown in Fig. S1,
the Drude peak χ of orbital α crosses the Fermi level
when the interaction U increase from 0.8 eV to 0.9 eV.
This means that there is partial electron transfer to or-
bital β from the orbital α. It is the increasing interaction
that makes the electrons suppress the crystal field, so a
mutation appears in the physical picture. It is worth
noting that the system is still in a metal phase in this
situation.9,10
To better understand the nature of the phase transition
when JH = U/8, we select two points that represent the
metal phase and insulator phase close to the critical point
of the MIT and study the DOS and optical conductivity
under these circumstances. In Fig. S2, (a) and (b) show
the properties of the metal phase when U = 2.6 eV, and
(c) and (d) show the properties of the insulator phase
when U = 2.7 eV. For the metal phase, the DOS and
optical conductivity for JH = U/8 are different from the
condition of JH = U/4 shown in the main article Fig. 2
(a) and (b). The Fermi surface is situated at the edge
of the Drude peak for the effective orbital β, and the
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FIG. S2: (Color online) Effects of on-site interaction U on
the orbital-resolved DOS and optical conductivity for Hund’s
rule coupling JH = U/8. The black solid line denote the wide
effective orbital α, and the red dashed line denotes the narrow
effective orbital β. Left panel: DOS for different interactions
U = 2.6 eV (a)(metal phase) and U = 2.7 eV (e)(insulator
phase). Right panel: corresponding orbital-dependent optical
conductivity.
value of the optical conductivity for orbital β is much
smaller than that shown in the main article Fig. 2 (b)
when ω = 0. Therefore, we believe that the system is at
the edge of the OSMT for Hund’s coupling JH = U/8.
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